Clinical significance of inducible atrial flutter during pulmonary vein isolation in patients with atrial fibrillation  by Scharf, Christoph et al.
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OBJECTIVES This study was designed to determine the prevalence and clinical significance of atrial flutter
(AFL) that occurs during catheter ablation for atrial fibrillation (AF).
BACKGROUND Atrial flutter frequently occurs in patients with AF.
METHODS Pulmonary vein isolation was performed in 133 consecutive patients (age 52  11 years) for
paroxysmal (n  112) or persistent (n  21) AF. A clinical episode of AFL was documented
in 40 of the 133 patients (30%). During the ablation procedure, AFL occurred in 86 patients
(65%), either spontaneously (n  36) or by rapid atrial pacing (n  50), with AFL being
typical in the majority (80%). Cavo-tricuspid isthmus ablation was performed in 28 of the 133
patients.
RESULTS Among the 105 patients who did not undergo isthmus ablation, 25 patients (24%) were
documented to have symptomatic AFL during a mean follow-up of 609  252 days. Among
the clinical variables of age, gender, history of clinical AFL, ejection fraction, left atrial
diameter, duration of AF, and occurrence of AFL during ablation, only a history of clinical
AFL (p  0.05) and occurrence of typical AFL during the ablation (p  0.01) were
independent predictors of symptomatic AFL during follow-up. The incidence of symptom-
atic AFL during follow-up was similar among patients who did and did not have long-term
freedom from recurrent AF.
CONCLUSIONS In patients with AF who have either a history of AFL or an episode of typical AFL during
an electrophysiologic study, symptomatic AFL is common after pulmonary vein isolation.
Therefore, cavo-tricuspid isthmus ablation is appropriate during pulmonary vein isolation if
AFL has been observed clinically or in the electrophysiology laboratory. (J Am Coll Cardiol
2004;43:2057–62) © 2004 by the American College of Cardiology Foundationw
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flmong patients with atrial fibrillation (AF) undergoing
ulmonary vein (PV) isolation, inducible atrial flutter (AFL)
ay be encountered during the ablation procedure. How-
ver, no prior studies have investigated the prevalence or
rognostic significance of inducible AFL in patients with
F. Therefore, whether inducible AFL is an appropriate
ndication for cavo-tricuspid isthmus ablation is unknown.
See page 2063
Because premature depolarizations from PVs or episodes
f AF conceivably could induce AFL, PV isolation by itself
ight sometimes be sufficient to eliminate recurrent epi-
odes of AFL. However, it also is possible that patients with
F may have AFL as an independent arrhythmia.
Given these issues, the aims of this study were to
etermine: 1) the prevalence of AFL in patients with AF
eferred for a PV isolation procedure, 2) the incidence of
nducible AFL during a PV isolation procedure, and 3)
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upported by the Ellen and Robert Thompson Atrial Fibrillation Research Fund. Dr.
charf was supported by the Swiss National Foundation.
Manuscript received September 8, 2003; revised manuscript received October 22,003, accepted November 13, 2003.hether clinical AFL and/or inducible AFL is predictive of
FL after PV isolation.
ETHODS
tudy subjects. The subjects of this study were 133 con-
ecutive patients with AF who underwent a PV isolation
rocedure with segmental ostial applications of radiofre-
uency (RF) energy. There were 112 men and 21 women
nd their mean age was 52 11 years. Atrial fibrillation was
aroxysmal in 112 patients and persistent in 21 patients and
ad been present for a mean duration of 7  8 years. The
ean left ventricular ejection fraction was 0.55  0.04 and
he mean left atrial diameter was 41  4 mm. Structural
eart disease was present in 25 patients (19%). Among the
33 patients, 50 were subjects of a previous study (1).
atients with a history of cavo-tricuspid isthmus ablation
or AFL were not included in this study.
tudy protocol. The study protocol was approved by the
nstitutional Review Board of the University of Michigan.
history of AFL was investigated in all patients by
xtensive review of all available 12-lead electrocardiograms,
vent monitor recordings, and 24-h Holter monitor record-
ngs. The diagnosis of AFL was based on characteristic
utter waves.
The inducibility of AFL was determined during the PV
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AFL and PV Isolation June 2, 2004:2057–62solation procedures. Before catheter ablation was started,
trial pacing was performed from the coronary sinus at cycle
engths of 200 to 180 ms for 10 to 20 s at least five times.
trial flutter was diagnosed when there were flutter waves
n the surface electrocardiogram, a constant intracardiac
trial activation sequence, a cycle length of 170 to 240 ms,
nd 10% beat-to-beat variation in atrial cycle length. The
resence of a characteristic pattern of sawtooth flutter waves
n leads II, III, and aVF and positive flutter waves in lead V1
ndicated that the AFL was typical. For the purposes of this
tudy, episodes of AFL that did not meet the electrocardio-
raphic criteria for typical AFL were classified as nontypical.
henever possible, and in all patients who underwent
avo-tricuspid isthmus ablation, pacing was performed in
he cavo-tricuspid isthmus during typical and nontypical
FLs, and the postpacing interval was analyzed to deter-
ine whether the flutter was isthmus-dependent.
To minimize the probability of needing to return for a
epeat ablation procedure, ablation of the isthmus was
erformed during the same session or within two weeks in
8 of the 133 patients (21%) who were referred from out of
tate and had either inducible typical flutter or a history of
FL. This was done to minimize the need for a second
blation procedure and to determine the effect of cavo-
ricuspid isthmus ablation in conjunction with PV isolation
n long-term freedom from recurrent AFL and AF. There
as no difference in the clinical characteristics of patients
ho underwent an isthmus ablation and those who did not.
All patients were seen in an outpatient clinic four to six
eeks after the catheter ablation procedure and every three
onths thereafter. All patients who reported palpitations or
ther symptoms suggestive of an arrhythmia during
ollow-up were provided with an event monitor to docu-
ent the cause of their symptoms. A 12-lead electrocardio-
ram also was obtained in all patients who had recurrent
pisodes of AFL to determine whether AFL was typical or
ontypical.
V isolation. The technique of segmental ostial ablation
as been described in detail (1–3). All antiarrhythmic
edications were discontinued four or five half-lives before
he procedure, except for nine patients with persistent AF
ho were receiving amiodarone before the ablation proce-
ure. After informed consent was obtained, we performed
ranseptal catheterization. Systemic anticoagulation was
chieved with intravenous heparin to maintain an activated
lotting time of 250 to 350 s. A deflectable decapolar
atheter with a distal ring configuration (Lasso Catheter,
Abbreviations and Acronyms
AF  atrial fibrillation
AFL  atrial flutter
PV  pulmonary vein
RF  radiofrequencyiosense Webster, Diamond Bar, California), and a deflect- vble, quadripolar 7-F catheter with 2-5-2 mm interelectrode
pacing and a 4-mm distal electrode with an embedded
hermistor (EP Technologies Inc., San Jose, California)
ere inserted into the left atrium. A quadripolar electrode
atheter was positioned in the coronary sinus. Pulmonary
ein isolation was performed by applications of RF energy at
stial sites that displayed a rapid PV tachycardia during AF
3,4) or that displayed PV potentials with the earliest bipolar
ctivation and/or most rapid unipolar intrinsic deflection
5). Radiofrequency energy was applied at a target temper-
ture of 52°C and maximum power of 30 to 35 W for 20 to
0 s. Elimination of all PV potentials and complete entrance
lock into PVs were the end points of ablation.
Among the 133 patients, the left superior and inferior
nd the right superior PVs were targeted for isolation in all
atients. The right inferior PV also was targeted in 50
atients. Among the 449 targeted PVs, 440 (98%) were
ompletely isolated with ostial applications of RF energy.
After the procedure, all patients were anticoagulated with
ntravenous heparin for 12 to 18 h, then discharged and
reated with low-molecular-weight heparin for four to five
ays and warfarin for at least six weeks.
A repeat PV isolation procedure was performed in 34 of
33 patients (25%) who had recurrent episodes of AF after
he first procedure. In all of these patients there was recovery
f conduction over a previously ablated PV fascicle in at
east one PV.
F catheter ablation of AFL. The RF catheter ablation of
he cavo-tricuspid isthmus was performed during pacing
rom the coronary sinus or during AFL by delivering
ontiguous 45- to 60-s applications of RF energy along the
sthmus (6–8). The RF energy was delivered with a
onventional 4-mm tip ablation catheter with a target
emperature of 60°C and a maximum power output of 50
. A reversal in the atrial activation sequence along the
ateral right atrial wall and a parallel corridor of double
otentials along the ablation line with a double-potential
nterval 110 ms during coronary sinus pacing indicated
omplete conduction block in the isthmus (7,8).
tatistical analysis. Continuous variables are expressed as
ean  SD. Continuous variables were compared with
tudent’s t test. Categorical variables were compared with
he chi-square test. Multivariate logistic regression analyses
ere performed to determine the predictors of inducibility,
nd recurrent episodes of AFL after a PV isolation proce-
ure. Kaplan-Meier analysis with the log-rank test was
erformed to determine freedom from recurrent AFL in
atients who did and did not have an episode of inducible
FL. A value of p  0.05 indicated statistical significance.
ESULTS
revalence of AFL before PV isolation. Among the 133
atients with AF, 40 (30%) had a documented episode of
FL before the PV isolation procedure. Among the clinicalariables of age, gender, duration of AF, whether AF was
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June 2, 2004:2057–62 AFL and PV Isolationaroxysmal or persistent, left ventricular ejection fraction,
eft atrial diameter, and presence of structural heart disease,
one was significantly associated with a history of AFL
Table 1). In addition, there was no difference in the
umber of electrocardiographic tracings available for review
etween the patients with and without a history of AFL.
FL during PV isolation. During the PV isolation pro-
edure, an episode of AFL occurred in 86 of the 133
atients (65%). Among the 86 patients, 68 (79%) had
ypical AFL, and 18 (21%) had nontypical AFL. Both
ypical and nontypical AFL occurred in four of these
atients. The mean cycle lengths of the typical and nontyp-
cal AFLs were 234  29 ms and 235  33 ms, respectively
p  0.9).
Among the clinical variables of age, gender, a history of
FL, whether AF was paroxysmal or persistent, duration of
F, structural heart disease, left ventricular ejection frac-
ion, and left atrial size, only a history of AFL predicted the
ccurrence of AFL during the electrophysiologic study (p
.03, Table 2).
ode of initiation and termination of AFL. Among the
6 patients with AFL during the PV isolation procedure,
he flutter occurred spontaneously in 4 patients (5%), was
nduced by rapid atrial pacing in 50 patients (58%), and was
nduced by an episode of AF in 32 patients (37%). There
able 1. Clinical Characteristics of Patients With and Without
History of AFL
History of
AFL (n  40)
No History of
AFL (n  93)
p
Value
ender (male/female) 33/7 79/4 0.7
ge (yrs) 50  13 52  10 0.3
F
Paroxysmal 37 (92%) 75 (81%) 0.1
Persistent 3 (8%) 18 (19%)
tructural heart disease 6 (15%) 19 (20%) 0.4
V EF 0.55  0.05 0.55  0.04 0.4
eft atrial diameter (mm) 40  4 41  4 0.4
uration of AF (yrs) 7  8 7  8 0.9
ata are shown as mean  SD.
AF  atrial fibrillation; AFL  atrial flutter; EF  ejection fraction; LV  left
entricular.
able 2. Comparison of Patients With and Without AFL
uring Catheter Ablation to Isolate the Pulmonary Veins
AFL
(n  86)
No AFL
(n  47) p Value
ender (male/female) 75/11 37/10 0.3
ge (yrs) 53  11 49  10 0.1
ypical AFL 68 (79%)
ontypical AFL 18 (21%)
aroxysmal AF 74 (86%) 38 (80%) 0.6
ersistent AF 12 (14%) 9 (20%)
uration of AF (yrs) 8  8 7  6 0.4
istory of AFL 32 (37%) 8 (17%) 0.03
V EF 0.55  0.04 0.53  0.05 0.2
eft atrial diameter (mm) 41  4 41  4 0.4
tructural heart disease 18 (21%) 7 (15%) 0.3
ata are shown as mean  SD.
pAbbreviations as in Table 1.as no relationship between the mode of onset of AFL and
hether the flutter was typical or nontypical. Among the 86
atients, AFL terminated spontaneously within 2.1  3.9
in in 25 patients (29%). Among the 61 patients with
ustained AFL, rapid atrial pacing resulted in restoration of
inus rhythm in 12 patients (20%) and AF in 40 patients
65%), and sinus rhythm was restored during RF catheter
blation of the cavo-tricuspid isthmus in the remaining nine
atients (15%).
avo-tricuspid isthmus ablation. Cavo-tricuspid isthmus
blation was performed in 28 of the 133 patients (21%) who
ad either a documented history of AFL (n  17) or an
pisode of AFL during the PV isolation procedure (n 11).
omplete bidirectional conduction block was achieved in all
atients.
ecurrence of AFL and AF after PV isolation. During a
ean follow-up of 609  252 days, 55 of the 105 patients
52%) who did not undergo cavo-tricuspid isthmus ablation
n conjunction with PV isolation experienced recurrent
alpitations. Among these 55 patients, the symptomatic
pisodes were caused by AF in 30 patients (54%), AFL in
3 patients (24%), and both AF and AFL in 12 patients
22%). Among the 25 recurrent episodes of AFL, 24 were
ypical and 1 was nontypical.
redictors of AF during follow-up. In 105 patients with
F who did not undergo cavo-tricuspid isthmus ablation,
mong the variables of age, gender, a history of AFL,
hether AF was paroxysmal or persistent, duration of AF,
resence of structural heart disease, left ventricular ejection
raction, left atrial size, and occurrence of typical or non-
ypical AFL during the electrophysiologic study, only a
istory of AFL (p  0.05) and the occurrence of an episode
f typical AFL during PV isolation (p  0.01) (Fig. 1) were
ndependent predictors of symptomatic AFL during
ollow-up (univariate analysis is shown in Table 3). The
ositive and negative predictive values of inducible AFL for
ymptomatic AFL during follow-up were 37% and 88%,
espectively (p  0.004, odds ratio  4.1, 95% confidence
nterval  1.5 to 10.9).
fficacy of PV isolation and recurrence of AFL. Among
he 105 patients who did not undergo cavo-tricuspid isth-
us ablation, symptomatic AFL occurred during follow-up
n 13 of the 63 patients (21%) who were free from recurrent
pisodes of AF and in 12 of the 42 patients (29%) who had
ecurrent AF (p  0.4). None of the 28 patients who
nderwent cavo-tricuspid isthmus ablation had symptom-
tic AFL during follow-up.
Atrial fibrillation recurred in 6 of the 28 patients (21%)
ho underwent cavo-tricuspid isthmus ablation and in 42 of
he 105 patients (40%) who did not (p  0.07).
blation of AFL. Among the 25 patients who had symp-
omatic AFL during follow-up, an ablation procedure
imed at elimination of the flutter was performed in 22 of
4 patients with typical AFL and in 1 patient with nontyp-
cal AFL at a mean of 163  90 days after the PV isolation
rocedure. Complete bidirectional isthmus conduction
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AFL and PV Isolation June 2, 2004:2057–62lock was achieved in each of the 22 patients with typical
FL, and a left AFL was successfully ablated in the 1
atient who had nontypical AFL.
ong-term freedom from symptomatic AFL and AF. At
mean follow-up of 609  252 days, 83 of the 133 (62%)
igure 1. Freedom from recurrent atrial flutter after pulmonary vein isolat
n patients who had an episode of atrial flutter during the pulmonary vein
able 3. Characteristics of Patients With and Without
ymptomatic AFL After Isolation of Pulmonary Veins
AFL
(n  25)
No AFL
(n  80) p
ge (yrs) 51  8 52  11 0.5
ender (male/female) 22/3 66/14 0.6
V EF 0.54  0.02 0.55  0.04 0.2
eft atrial diameter (mm) 41  5 41  4 0.8
tructural heart disease 5 (20%) 13 (16%) 0.7
uration of AF (yrs) 8  8 8  8 1.0
aroxysmal AF 21 (84%) 65 (81%) 0.8
ersistent AF 4 (16%) 15 (19%)
istory of AFL 10 (40%) 13 (16%) 0.03
nduction of any AFL* 19 (76%) 45 (56%) 0.07
ypical AFL* 18 (72%) 31 (39%) 0.002
ontypical AFL* 1 (4%) 14 (18%) 0.1
FL cycle length (ms)* 236  29 231  32 0.6
uration of AFL* (min) 3  7 5  7 0.5
rganization into AFL
from AF*
10 (40%) 17 (21%) 0.07
pontaneous termination
of AFL*
7 (28%) 13 (15%) 0.3
ermination of flutter by
overdrive pacing*
3 (12%) 7 (9%) 0.7
ecurrence of AF 12 (48%) 30 (38%) 0.4
ata are shown as mean  SD. *Refers to observations during the pulmonary vein
solation procedure in patients who did not undergo cavotricuspid isthmus ablation.tAbbreviations as in Table 1.atients were free from recurrent episodes of AFL and AF
n the absence of any antiarrhythmic drug therapy.
ISCUSSION
ain findings. The main findings of this study are the
ollowing: 1) AFL occurs in at least one-third of patients
ith AF; 2) AFL, usually induced either by atrial pacing or
y AF, may be observed in two-thirds of patients undergo-
ng PV isolation for AF, and 80% of these episodes are
ypical AFL; 3) the occurrence of typical AFL during a PV
rocedure is predictive of symptomatic AFL during
ollow-up after PV isolation; and 4) the successful elimina-
ion of symptomatic AF by PV isolation is not associated
ith freedom from symptomatic AFL.
These findings imply that it is appropriate to ablate the
avo-tricuspid isthmus whenever typical AFL is observed in
he course of a catheter ablation procedure aimed at elimi-
ation of AF.
revalence of AFL in patients with AF. In this study,
FL occurred in more than one-third of patients with AF.
ecause only documented episodes of AFL were included in
his study, and because electrocardiographic documentation
f every symptomatic episode of supraventricular tachycar-
ia was not available, the true prevalence of AFL in patients
ith AF probably was underestimated.
The reasons that AF and AFL often occur in the same
atient are unclear. It may be that the same premature
epolarizations that trigger AF also trigger AFL. Alterna-
n episode of symptomatic atrial flutter was more likely during follow-up
tion procedure (dashed line) than in patients who did not (solid line).ion. Aively, some episodes of AF may organize into AFL, either
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June 2, 2004:2057–62 AFL and PV Isolationpontaneously or because of a drug effect (9,10). Atrial
brillation may promote the formation of intercaval block in
he right atrium, which may be critical for the initiation of
FL (11). It is also possible that at least some episodes of
FL may degenerate into AF (12,13). Atrial flutter with a
hort cycle length may result in fibrillatory conduction (11).
oreover, the electrophysiologic and/or structural remod-
ling that accompanies AF may promote the occurrence of
FL, or vice versa (14,15).
Although this study does not establish the mechanisms
y which AF and AFL coexist in the same patient, it does
rovide some relevant observations. The fact that symptom-
tic AFL during follow-up was independent of whether or
ot AF was successfully eliminated by PV isolation suggests
hat the occurrence of AFL in the patients in this study may
ot have depended on triggers originating in the PVs or on
nduction by AF. However, brief episodes of AF that
therwise would have been asymptomatic may have induced
FL in some patients. Therefore, firm conclusions regard-
ng the mechanism of AFL after PV isolation are not
ossible and require further study.
nducibility of AFL. At least one episode of AFL was
bserved in two-thirds of patients during a catheter
blation procedure to isolate the PVs. Thus, AFL oc-
urred in the electrophysiology laboratory in many pa-
ients in whom a clinical episode of AFL never had been
ocumented. It is possible that AFL observed in the
lectrophysiology laboratory sometimes is a nonspecific
nding. However, in a prior study, AFL was inducible in
nly 36% of patients with no history of AFL or supraven-
ricular tachycardia during an electrophysiologic study,
hereas it was easily inducible in 92% of patients with a
istory of AFL (16). Therefore, the occurrence of AFL in
he electrophysiology laboratory may have identified pa-
ients in this study who had experienced AFL that never
ad been documented.
Typical AFL was four times more likely to be observed in
he electrophysiology laboratory than nontypical AFL. Al-
hough the inducibility of typical AFL was predictive of
ymptomatic AFL during follow-up after PV isolation, the
nducibility of nontypical AFL was not predictive of any
uture symptomatic events. Therefore, it may not be neces-
ary to ablate nontypical AFL in patients undergoing PV
solation for AF.
avo-tricuspid isthmus ablation and recurrence of AF.
here was a trend toward a lower incidence of recurrent AF
fter PV isolation in patients who underwent cavo-tricuspid
sthmus ablation than in those who did not. This suggests
hat AFL may have been responsible for some episodes of
F. Consistent with a facilitatory role of typical AFL in the
athogenesis of AF, several prior studies have demonstrated
hat the incidence of AF may be lower after ablation of the
avo-tricuspid isthmus (17–20). However, in none of these
rior studies was the role of PV isolation assessed.
tudy limitations. A limitation of this study is that epi-
odes of AFL were classified as typical or nontypical basedn analysis of flutter-wave morphology on the electrocar-
iogram. Therefore, some of the AFLs classified as non-
ypical may have in fact been clockwise isthmus-dependent
utter. However, because clockwise isthmus-dependent
FL constitutes only 15% of all episodes of isthmus-
ependent AFL (21), this probably was not a source of large
rror.
Another limitation is that cavo-tricuspid isthmus ablation
as performed in conjunction with PV isolation in some
atients. To most accurately determine the prognostic
ignificance of spontaneous or induced AFL, isthmus abla-
ion would not have been performed in any patients.
A third limitation is that asymptomatic episodes of AFL
ay not have been captured during follow-up. However,
ocumenting asymptomatic episodes of AFL would have
equired continuous monitoring for extended periods of
ime, which was not feasible in the present study.
onclusions. Atrial flutter, whether spontaneous, induced
y atrial pacing, or by an episode of AF, often is observed in
atients undergoing a catheter ablation procedure aimed at
limination of AF. Because the occurrence of typical AFL
uring a catheter ablation procedure is predictive of symp-
omatic AFL during follow-up, catheter ablation of the
avo-tricuspid isthmus should be considered in conjunction
ith PV isolation to avoid the need for a second catheter
blation procedure. The reasons that AFL and AF often
oexist in the same patient remain to be determined in
uture studies.
eprint requests and correspondence: Dr. Hakan Oral, Cardi-
logy, TC B1 D140, 1500 East Medical Center Drive, Ann
rbor, Michigan 48109-0311. E-mail: oralh@umich.edu.
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